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Warm temperatures during cold season can negatively affect 
adult survival in an alpine bird
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&	 Loison,	 2010).	 In	 these	 cold	 ecosystems,	 climate	 seasonality	
is	 a	 predominant	 constraint	 on	 species'	 lifecycles	 (Körner,	 2003;	
Korslund	&	 Steen,	 2006;	Martin	&	Wiebe,	 2004).	 In	 this	 context,	
predicting	species'	responses	to	future	climate	change	relies	heav-
ily	on	their	sensitivity	to	seasonal	variations	in	a	range	of	ecological	
constraints.	 However,	 interactions	 between	 seasonality,	 weather	



















carry‐over	 effects.	 For	 example,	 spring	 conditions,	 which	 largely	




















ates	 and	 annual	 survival	 estimates	 (e.g.,	 Sillett	 &	 Holmes,	 2002).	
While	such	studies	focusing	on	annual	survival	clearly	indicate	that	
weather	covariates	during	certain	periods	of	the	year	are	more	 in-
fluential	 than	others,	 they	do	not	allow	the	 identification	of	when	
animals	 are	 actually	 at	 risk	 of	mortality.	 This	may	 be	 achieved	 by	













fluence	 survival	 variation	 between	 individuals,	 whether	 and	 how	
these	individual	characteristics	interact	with	at‐risk	periods	has	sel-
dom	been	 investigated	 in	 sedentary	birds	 (although	see	below	 for	
migrating	birds),	as	 long‐term	studies	with	 relatively	high	sampling	






















behavior,	 it	 is	 inferred	 that	 the	 alpine	 chough	 relies	on	an	 income	
















is	 strongly	 correlated	with	 the	 relative	 size	of	 a	 flock,	 despite	 the	
numerous	advantages	of	living	in	a	group	(Clutton‐Brock	et	al.,	1999;	




2  | MATERIAL AND METHODS

























The	 site	 of	 the	 study	was	 the	 northern	 French	Alps,	 between	
2,400	 and	 2,700	 m	 above	 sea	 level	 (Figure	 S1	 in	 Appendix	 S1).	
The	 seasons	 were	 defined	 in	 quarters,	 with	 “summer”	 from	 June	
to	August,	 “autumn”	 from	September	 to	November,	 “winter”	 from	
December	to	February,	and	“spring”	from	March	to	May	(Figure	S1	in	
Appendix	S1).	In	the	summer	season,	we	studied	individuals	at	three	
sites	 (site	 1:	 “Lac	 Blanc”,	 site	 2:	 “Albert	 1er”,	 site	 3:	 “Couvercle”).	
Capture	 locations	 were	 located	 close	 to	 common	 foraging	 areas,	
picnic	areas,	or	mountain	huts.	The	distance	between	each	of	these	
sites	was	relatively	similar	(9–11	km).	In	winter	and	spring,	we	stud-
ied	 individuals	 in	 a	wintering	 site	 (“Le	 Tour”	 site).	 This	 is	 a	 village	
with	a	ski	resort	1,400	m	above	sea	level	and	4,	7,	and	10	km	away	
from	Albert	 1er	 (site	 2),	 Lac	 Blanc	 (site	 1),	 and	Couvercle	 (site	 3),	
respectively.	Birds	from	the	three	monitored	summer	sites	and	from	
other	unmonitored	 summer	 sites	 gather	 together	 at	 the	 “Le	Tour”	
















casions.	 Capture	 and	 resighting	 efforts	 varied	 between	 sites	 and	
seasons,	 ranging	 from	1	 to	37	days	 (mean	=	16	days,	Figure	S2	 in	
Appendix	S1).	Sex	was	determined	by	observation	(when	a	male	fed	
its	female	mate),	by	genetic	analyses	(from	blood	samples)	or	using	
a	 discriminant	 function	 analysis	 performed	 on	 biometric	 variables	









mented	 it	 as	different	 size	 classes	 in	 the	models,	 as	 implementing	
individual	 continuous	 variables	 for	 one	 thousand	 individuals	 in	 E‐
SURGE	 (see	below)	would	 require	months	of	 calculation	 to	obtain	
model	 convergence.	 We	 calculated	 the	 median	 tarsus	 length	 for	
each	 sex	 and	 classified	 individuals	 in	 four	 sex/size	 groups:	 small	
females,	large	females,	small	males,	and	large	males.	Each	year,	we	
calculated	 the	 flock	 size	 based	on	 all	 the	 flock	 counts	 carried	out	
during	capture	occasions	at	the	Le	Tour	site	 (the	cold	season	site).	






National	 Basic	 Climatologic	Network	 for	 the	Grand	 Saint	 Bernard	
station	(2,470	m	above	sea	level)	(see	Begert,	Schlegel,	&	Kirchhofer,	
2005	for	homogenization	method).	The	quarterly	mean	of	snowpack	
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was	 calculated	 for	 each	 year	 of	 the	 study	 based	 on	 ISBA‐Crocus	
models	(Vionnet	et	al.,	2012)	(elevational	range	1,200–1,500	m)	for	







We	 performed	 a	 multistate	 goodness‐of‐fit	 test	 using	 U‐care	
(Choquet,	Lebreton,	Gimenez,	Reboulet,	&	Pradel,	2009)	on	a	simple	
dataset	 including	data	only	on	 adults	 and	 specific	 seasons	 (winter	








(CR)	 modeling	 framework	 (Pradel,	 2005)	 accounting	 for	 dispersal	
between	monitored	and	unmonitored	sites	was	used	to	test	predic-
tions	(see	below).	In	a	multi‐event	framework,	“events”	are	the	field	
observations	 related	 to	 the	 latent	 states	 of	 the	 individuals.	 These	
observations	 can	 involve	 uncertainty	 regarding	 the	 latent	 state,	
which	 is	 modeled	 through	 the	 observation	 process.	 For	 example,	
the	choughs	were	monitored	in	three	summer	sites,	but	individuals	































site	given	 it	 is	still	alive),	and	the	fourth	step	 its	arrival	probability	
(i.e.,	of	reaching	a	specific	summer	site	given	that	 it	had	dispersed	
at	the	previous	step).	The	first	dispersal	event	occurred	at	an	indi-













2.5 | Model selection procedure step 1: seasonality
We	first	fit	a	general	model	 in	which	quarterly	survival	probability	
depended	on	the	effects	of	season,	age	class	and	sex	and	their	in-





accomplished	 during	 the	 corresponding	 season	 (recapture	 effort),	
with	an	intercept	that	differed	between	site,	sex,	and	resighting	het-
erogeneity	 class	 (for	 summer).	 The	 summer	 resighting	 probability	
on	the	ghost	site	was	 forced	to	0.	 Immature	resighting	probability	









2.6 | Model selection procedure step 2: 
weather covariates
After	this	selection	procedure,	we	used	the	best	model	 to	 investi-
gate	 the	ability	of	 the	mean	sex/size	group	covariate,	winter	 flock	
size	and	climate	covariates	 (mean	 temperature,	mean	snow	depth,	













together	 to	 create	 a	 new	 covariate.	 As	 the	 number	 of	 individuals	
was	 low	 in	 the	 juvenile	and	 immature	classes,	we	did	not	 test	 the	
covariates	 on	 juveniles;	 for	 immature	 individuals,	we	 grouped	 the	
estimates	of	each	quarterly	survivals	of	the	same	year	together	in	a	
single	parameter	(mean	quarterly	survival	per	year),	and	then	tested	









quarters	but	depended	on	years	 in	order	 to	estimate	 the	 inter‐an-
nual	variation	 in	survival.	All	parameter	estimates	were	given	with	
























season	 in	 interaction,	but	did	not	differ	between	sexes	 (Figure	S9	
in	Appendix	S1).	Resighting	probability	of	immature	individuals	only	
differed	between	winter/spring	and	the	summer	season.
TA B L E  1  Best	models	for	alpine	chough	survival
Model ID Survival N.P. Deviance ΔAICc p ANODEV R2 Dev Effect [CI 95%]
1 Spring	(F):	Fco	(Temperature	
Winter	+	Spring)
95 22,306.69 −2.96 .025 0.28 −0.34	[−0.02	to	
−0.66]
2 Spring	(F):	Fco	(Flock	size) 95 22,308.42 −1.24 .093 0.16 −0.15	[0.03	to	
−0.39]
3 Spring	(F):	Fco	(Snow	anomaly) 95 22,309.53 −0.13 .18 – 0.23	[−0.09	to	
0.56]
4 Spring	(F):	Ftime	(YEAR) 111 22,293.19 16.2 – – –
5 Spring	(F):	Tarsus	length 96 22,315.34 −0.26 – – 0.02	[−0.03	to	
0.07]
6 Spring	(F):	Fcst 94 22,311.69 0 – – –
7 J(SEX)	+	IM	+	AD(SEX*SEASON) 94 22,317.63 0 – – –
8 J(SEX)	+	IM(SEASON)	+	AD(SEX*S
EASON)
96 22,313.78 0.22 – – –
9 J(SEX)	+	IM(SEX)	+	AD(SEX*SEAS
ON)
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3.2 | Survival
The	 annual	 fluctuations	 of	 alpine	 chough	 survival	 are	 shown	 in	
Figure	1	for	each	age	class.	They	reveal	very	large	variations	in	ju-
veniles	and	immature	birds,	while	the	estimates	for	adults	are	much	




as	φ	 =	 0.94	 [0.90–0.96],	 for	 both	 sex	 and	 all	 seasonal	 transitions.	
The	probability	of	an	adult	male	to	survive	from	spring	to	summer	
was	 estimated	 as	φ	 =	 0.98	 [0.96–0.99],	while	 female	 survival	was	








3.3 | Effect of covariates on first‐year survival and 
adult spring and summer survival








lower	 survival	 probability	 than	 larger	 females	 during	 the	 critical	
spring/summer	transition	(−0.02	survival	probability,	that	is,	a	+25%	
mortality	rate,	see	Figure	S10	in	Appendix	S1),	but	the	evidence	is	





Models	 accounting	 for	 inter‐annual	 variation	 in	 adult	 survival	
resulted	 in	 higher	 AICc	 values	 than	 constant	 models,	 pointing	 to	
low	inter‐annual	variation	in	seasonal	survival	estimates.	 Immature	









plaining	 16%	 of	 adult	 female	 survival	 variation	 during	 the	 spring/
summer	transition	(Table	1).	In	years,	when	the	flock	size	was	small	
(i.e.,	 ≤100	 individuals),	 survival	 was	 estimated	 as	 about	φ	 =	 0.95,	
while	it	was	about	φ	=	0.90	for	a	mean	flock	size	of	≥140	individuals.	
F I G U R E  1  Annual	survival	probability	of	the	alpine	chough	by	age	class	over	the	study	period




The	 propensity	 to	 disperse	 from	 a	 birth	 site	 was	 much	 higher	 in	













p	 =	 .12	 [.09–.17].	 During	 summer,	 immature	 recapture	 probability	
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high	 specialization	 to	 extreme	 environments,	 suffering	 lower	 pre-
dation/competition	 pressures	 than	 similar	 species	 living	 at	 lower	
elevations.
4.2 | Seasonal survival patterns
The	 general	 pattern	 of	 survival	 variation	with	 age	 is	 typical	 for	 a	
long‐lived	species,	with	increased	survival	probability	(Figure	2)	and	




environmental	 harshness	 in	 juvenile	 and	 immature	 individuals,	 or	
could	be	 interpreted	as	a	bet‐hedging	 strategy	 (Gaillard	&	Yoccoz,	
2003).	 However,	 we	 found	 no	 correlation	 between	 survival	 and	











behavioral	 mechanisms	 such	 as	 optimized	 foraging,	 basking,	 shel-




utable	 to	stored	 fat	 reserves	 (Gonzalez	&	Crampe,	2001).	The	 few	
available	 seasonal	 studies	 on	 alpine	 bird	 species	 seem	 to	 confirm,	
with	low	samples,	higher	survival	at	the	beginning	of	the	cold	season	
than	in	summer:	for	example,	in	the	alpine	ptarmigan	(Lagopus muta; 















We	 found	 that	 summer	 survival	 is	 lower	 than	 winter	 survival	
for	 both	 sexes	 in	 adult	 alpine	 choughs.	 Cold‐adapted	 vertebrates	
are	 known	 to	 be	directly	 or	 indirectly	 impacted	by	warm	 summer	
temperatures	 (Furrer	 et	 al.,	 2016),	 influencing	 their	 foraging	 strat-
egy	 (Mason,	Brivio,	 Stephens,	Apollonio,	&	Grignolio,	 2017),	 body	
condition	 (Gardner	et	al.,	2016),	and	survival	probability	 (White	et	
al.,	2011).	However,	we	found	no	evidence	of	a	correlation	between	
summer	 survival,	 mean	 summer	 temperature,	 and	 mean	 summer	
precipitation	in	the	alpine	chough.	The	very	high	diversity	of	facies	
in	 a	mountain	massif	may	explain	 the	 absence	of	 a	direct	 correla-
tion	 between	 weather	 covariates	 and	 survival,	 as	 individuals	 can	







this	 period	 of	 the	 year,	 including	 higher	 predation	 risk	 during	 this	
season	(increased	predator	activity	during	reproduction,	for	exam-
ple,	by	the	beech	marten	Martes foina).
4.3 | Lower female survival in spring: a matter of 
social hierarchy and weather?
While	our	findings	did	not	detect	consequences	of	harsh	alpine	win-





females	 in	 the	 three	 study	 sites,	 and	 the	models	with	 sex‐specific	
adult	dispersal	showed	the	same	estimates	for	survival.	The	model	
including	sex‐size	groups	 indicated	that	 in	alpine	choughs,	females	
do	 not	 have	 lower	 survival	 because	 they	 are	 smaller	 than	 males,	





&	 Christe,	 2008;	 Sæther,	 Andersen,	 &	 Pedersen,	 1993;	Williams,	
1966).	 Since	 capture	 was	 conducted	 close	 to	 breeding	 sites,	 the	
sample	in	this	study	was	likely	to	be	mainly	composed	of	 individu-
als	 involved	in	reproduction.	Additionally,	 in	alpine	choughs,	males	







Adult	 female	 survival	 in	 spring	 was	 significantly	 correlated	 to	
weather	 conditions,	with	 lower	 survival	when	 the	cold	 season	was	
warmer.	We	 found	 that	 mortality	 rates	 doubled	 when	 cumulative	
winter	and	spring	mean	temperatures	were	between	−8°	and	−6°C	
compared	to	years	when	they	were	between	−12°	and	−10°C.	The	
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negative	 effect	of	 higher	 temperatures	may	 seem	counterintuitive,	
but	 could	 be	 explained	 by	 an	 accumulation	 of	 physiological	 con-
straints.	First,	warmer	winters	and	springs	are	characterized	by	more	
days	of	rain	than	snow.	Rain	is	much	more	challenging	than	snow	for	

















&	Appenzeller,	 2012;	 Rangwala	&	Miller,	 2012),	which	 is	 one	 of	
the	most	 intense	warming	 rates	 for	mountains	 in	 the	world,	 but	
might	not	be	enough	to	result	in	a	clear	trend	in	adult	female	sur-
vival	given	the	6°C	variation	of	mean	winter/spring	temperatures	
in	 the	 different	 years	 of	 the	 study	 (Figure	 S3	 in	 Appendix	 S1).	
High‐elevation	 regions	are	expected	 to	experience	more	 intense	
warming	than	lowlands	over	the	21st	century	(Pepin	et	al.,	2015;	


















This	 study	used	a	 robust	 two‐step	approach	 to	assess	 the	 influ-
ence	of	environmental	 constraints	on	 the	demography	of	 a	 spe-
cies	inhabiting	a	seasonal	environment.	This	first	full	season‐cycle	
F I G U R E  3  Survival	probability	of	adult	female	alpine	choughs	at	the	end	of	the	cold	season	as	a	function	of	cumulative	winter	and	spring	
temperatures	(left,	test	value	0.03)	and	flock	size	during	cold	seasons	(right,	test	value	0.09)
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analysis	of	survival	in	a	sedentary	bird	inhabiting	an	alpine	biome	
revealed	 very	 high	 winter	 survival,	 lower	 summer	 survival,	 and	
contrasting	 spring	 survival,	 depending	on	 the	 sex	 of	 individuals.	
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